Abstract: Adaption of cassava composite flour to conventional process technology faces various engineering issues. The underlying goal of this study is how to plan a trade-off between cassava-wheat-soy composite materials and their operating conditions with a view to enhance the acceptability and improve quality of the composite bread product. Consequently, RSM (response surface methodology) comprising of central composite design to determine the optimal temperature, blend ratio and corresponding response variables of wheat-cassava bread was carried out. By using Design Expert, Version 8, contour plots were developed. The study reveals that wheat-cassava ratio of 80:20 percent at temperature of 220 ± 2 °C and time of 15 ± 2 min gives the desired quality. Also, the plastic limit of the loaf responds to changes in cassava concentration, time and temperature. This experiment has shown that lower CMC (cassava mix concentration) (15%) improves bread volume (620 cm 3 ), moisture content (7.1%) and plasticity (14%). The implication is that greater plasticity increases the malleability at which bread can be produced. Thus, the study is useful in interpreting the baking conditions of composite-wheat-cassava-soy (CWCS) breads and its acceptability. Design of the mix formulation on large scale requires huge investment capital. The particular findings could be of interest to food industry and a wider audience, hence constitute baseline for performance analysis by master bakers and policymakers. The outcome of this study helps to set malleability criteria for the dough which ensures acceptable bread quality.
Introduction


For many years, wheat flour has been the predominant substrate in bread production. Currently bread makers are trying other varieties of flour with standard, well-defined working conditions with a view to increasing beneficial effects of bread consumption on human health [1] . For those developing countries including Nigeria, where bread constitutes a significant portion of daily snacks and there is heavy dependence on imported wheat for bread production, the cost of imported wheat is, for these countries, prohibitive, hence locally sourced composite substrate to complement wheat is imperative. Nigeria is among the nations expected to complement their wheat importation requirements with domestically grown products in accordance with the Composite Flour Programme Initiative of the Food and Agriculture Organization [2] . The composite flour programme was conceived primarily to develop bakery products from locally available raw materials, particularly in those countries which could not meet their wheat requirements. Composite flour technology refers to the process of mixing various flours with local raw material to produce high quality food products in an economical way. However, for developing countries, such as Nigeria, the aforementioned initiative has been challenged by various engineering issues.
Some of those issues have been widely reported elsewhere in the literature [3, 4] . Other tough challenges established by experience include non-existence of parameters for determining initial conditions and response behaviours of thermo-physical properties of the composite during baking. Resolving the later is the motivation for this study and it can be a turning point, in value addition, of composite bread to food security goal as the graphical abstraction in Fig. 1 illustrates. The process chain illustrated in Fig. 1 is one representation of food security's links with technology and food (composite) properties.
The effect of changes in thermal variables on quality of bread product, the effects of blend ratio on bread characteristics and what settings of these variables to give a product satisfying desirable specification are key engineering challenges to bread dough formulation and baking. For the reasons above, formulation of composite flour mix is vital for development of value-added products with optimal functionality [5] . A variety of wheat flour substitutes have been tried in bakery formulations with varying success; for example, defatted wheat germ [6] , flaxseed [7] , sunflower seed [8] and lupine flour [9] . Composite flours prepared by blending wheat and legumes can improve the status of protein and limiting amino acids. In a research trial, layer cakes were successfully prepared from chickpea-wheat (white and whole) composite flour blend [10] . In another research trial, sorghum and wheat flour composite blends up to 10% and 20% sorghum resulted in acceptable breads and biscuits [11] . Composite flours of small red, black, pinto and navy bean flours with wheat flour were successfully used by Anton et al. [12] at 25% substitution level for tortilla preparation. Salem et al. [13] studied the effect of partial replacement of corn tortilla with soybean, chickpea and lupine flours. They reported that fortification of tortilla flour with 5% lupine, 15% soybean and 20% chickpea flours improved the sensory and physical properties of the baked tortilla.
During the baking process, the raw dough is transformed into a light, porous, flavorful and readily digestible quality product under the influence of heat [14] . The quality of the final product mainly depends on parameters such as the rate and amount of applied heat, the type of baking chamber and the baking time. Some of the physical, chemical and biochemical changes during bread baking include volume expansion, plasticity, evaporation of water, crust formation, inactivation of yeast and enzymatic activities, protein coagulation and starch gelatinization. The control of the baking parameters like temperature and time combination during baking is an engineering problem that is critical to the successful implementation of commercial flour baking technology [15] . Until now, few studies have conducted investigations on the effect of baking time-temperature (thermal variables) on the quality of bread [14, [16] [17] [18] [19] , very few on the composite wheat flour [15] and effects of blend ratio on bread characteristics [20] . Virtually, no study has been carried out on optimum settings of the variables to give a product satisfying desirable customer specification, especially for composite wheat, cassava and soy bread using RSM (response surface methodology) or any other method of design of experiment.
RSM consists of a group of mathematical and statistical procedures that can be used to study the relationships between one or more responses (dependent variables) and factors (independent variables). RSM is used for development, improvement and optimization of processes [21] [22] [23] . It is used to examine the relative significance between a set of quantitative experimental factors and the response variables [24] .
In bread baking process, it is pertinent to observe the At the present, no studies on the optimization of baking parameters of the product quality of CWCS (composite-wheat-cassava-soy) bread have been done using RSM with material properties of the dough such as plasticity characteristics. Therefore, the objectives of this study include determining the cassava-mix composite concentration, the thermo-physical properties and corresponding response variables during baking that satisfy desirable quality of CWCS bread by RSM. The particular findings could be of interest to a wider audience and constitute a baseline for master bakers and policymakers.
Materials and Methods
Materials
The materials used are high quality cassava and soybean flour obtained from the National Root Crop Research Institute (NRCRI), Umudike. Wheat flour, granulated sugar, salt, improver (vitamin C), baking yeast, shortening (butter/fat), and distilled water were purchased from the market in Nsukka. Cassava flour was mixed with soybean flour at the ratio of 70:30 to obtain the CMC (cassava mix concentration), of the local flour that was used in this study. The soy flour was added to enrich the protein content of bread. Then, the cassava mix flour was added to pure wheat flour to obtain the composite flour at different ratios as shown in Table 1 . The composition described in Table 2 was followed to obtain dough from blends of wheat, cassava and soybean flours. For each dough formulation, the determination of the plastic limit was done in accordance with the British Standards Institution procedure (BS 1377). (Table 2) were initially dry mixed in a bowl and later, distilled water was mixed with the original dry mix until soft dough that can easily be handled was produced. During the mix of ingredients for dough formulation, the flour composition ratio varied while other ingredients were kept constant. The straight dough method described in Ref. [25] was followed. 
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The whole mass was manually kneaded before molding into shape and placed in the bread baking pan (dough was placed in lightly greased baking pan, the practice is to ensure easy removal of baked loaf to avoid or prevent the baked loaf sticking to the pan). Dough proofing occurred for 45 to 50 min before baking [Proofed loaves were baked in ovens at varying temperatures to ascertain optimality]. The bread samples were allowed to cool for about 6 hours prior to use in obtaining the volume of loaf and moisture content. In obtaining moisture content, the BS 1377 procedure below was followed.
Determination of Plastic Limit-Rolling Method
 A blend of 10% cassava by 90% wheat soy composite (CWCS) at 28.50 g of a cassava soy flour and 256.5 g of wheat flour samples passing 200 micrometer sieve were mixed thoroughly with distilled water, on a glass plate until it becomes plastic. Mould a ball of the mixture between the fingers.
 Roll the ball between the palms of the hand until the heat of the hands has dried the mixture sufficiently for slight cracks to appear on its surface. Each subsample shall be divided into four approximately equal parts and each part treated as in "number c" below.
 The rolled CWCS shall be formed into a thread about 6 mm in diameter, between the first finger and thumb of each hand. The thread shall be rolled between the tips of the fingers of one hand and the surface of the glass plate. Uniform pressure should be used to reduce it to 3 mm in 5-10 complete (forward and back) movement of the hand or 10-15 complete movement as the mixture hardens on nearing the plastic limit. The last step is repeated. The rolling is continued until the mixture shears or crumbles. A metal rod was used to gauge this diameter. The first crumbling point is the plastic limit.
 The portions of the crumbled mixture thread shall be gathered together and transferred immediately to the oven and moisture content (M.C) determined.
 The other duplicate sample shall be treated similarly so that two separate determinations are made.
 The average M.C of the results is the PL, if they differ by greater than 0.5 M.C the test is repeated.
 The above steps for determination of blend plastic limit are repeated for 15%, 25% and 30% CWCS, respectively.
Experimental Design and Statistical Analysis
The experimental design was done by RSM comprising of central composite design (CCD) with three factors, k = 3. The central composite design is the second-order response surface design considered in this study. The flexibility of the design makes it the most widely used second-order response surface design. The structure of the CCD is made up of (ii) Baking temperature, 2 X and Concentration of Cassava, 3 X . The baking time is considered at low level of 10 min and high level of 20 min. The baking temperature is considered at low level of 195 degrees Celsius and high level of 245 degrees Celsius. The concentration of cassava is considered at low level of 10% and high level of 40% (see Table 3 ). Three response variables are measured to check the quality of the loaf. They are the percentage moisture content, the volume of the loaf and the plastic limit of the loaf (see Table 4 ). The variations in each of the responses are observed to be negligible. Response surface plots were developed using Design Expert Software, Version 8.
Results and Discussion
The response surface contour plots were used to study the baking variables with the aim of obtianing the best points of quality loaf using the rotatable CCD augmented with six centre points. Figs. 2-4 are the plots obtained for time, temperature and volume of loaf when the cassava concentrations are 15, 25 and 30 percent, respectively. These percentage concentrations were randomly selected between the lower and upper CMC to monitor the bevahiour of the composite dough as the percentage CMC concentration is increased. The volume of loaf increases at reduced temperature and long baking duration as the CMC is reduced. However, the volume of loaf is maximized at decreasing quantity of CMC at high temperature and long baking duration.
The percentage moisture content of the loaf is another factor in assessing the quality of the loaf baked with the mixture of composite flour and wheat. The durability of the loaf depends on the moisture content so that the loaf with low moisture content is more durable than the loaf with high moisture content. The response surface plots for the percentage moisture content are displayed in Figs. 5-7 , respectively for 15, 25 and 30 percent cassava concentrations, respectively. It could be observed from the figures that the percentage moisture content of the loaf is minimized at high temperature and short baking time as the percentage CMC is increased.
The plastic limit of the loaf baked with the mixture of flour and cassava is another characteristic that defines the quality of the loaf. Figs. 8-10 , respectively, show the plastic limits for 15, 25 and 30 percentage cassava concentrations.
The plastic limit of the loaf responds to changes in cassava concentration, time and temperature. The response surface plots of Figs. 8-10 show that as the CMC is decreased, the plastic limit tends to increase at high temperature and small time range. On the other hand, at low temperature and longer baking time, the plastic limit is maximized by increasing the cassava concentration. This result indicates that the plasticity of the dough is important and greater plasticity means that it is easier to handle during bread making process, thus increasing the malleability at which bread can be produced.
The optimal settings of the baking variables as obtained from the results of the experiments are displayed in Table 5 .
The red end points with vertical line connecting them in Figs. 2, 5 and 8 indicate the responses at the centre point. Generally, the colours of the contour lines, which also are reflected in the colours of the response surface graphs, in the figures are important. It could be observed that the contour line starts with blue colours at some points and ends with greenish yellow colours towards some extreme points. The response surface plots also get darker at those extremes with greenish yellow colours. These regions have higher standard errors and cannot be predicted easily. Experimenters are advised to avoid these regions.
Implication of Findings on Bakery Industry
This experiment has shown that lower CMC (15%) improves bread volume (620 cm 3 ), moisture content (7.1%) and plasticity (14%). But the original goal was to use as much local material (cassava) as possible to complement wheat in bread baking. Imported wheat is expensive and is a drain on the economy. Hence, there is need to strike a balance between optimizing bread attributes and minimizing the use of imported wheat flour. There are also the needs to improve the nutrition content of the resulting bread (for example by adding soybeans to improve bread protein quality which using cassava alone cannot provide) and to improve food security, in line with the mandate of FAO, by directly decreasing over-reliance on imported wheat. This is also in agreement with the work by Aluko and Olugbemi [26] . From the results, at 80:20 percent flour-cassava concentrations, the bread weight, moisture and volume attributes exhibited remarkable changes due to the impact of baking temperature, time and mix ratio. For example, there was decrease in bread volume as cassava composite increases and this indicates that gluten content in the dough is diminishing with cassava-soybean concentration. This affects the plastic behavior of the dough and contributes to the texture of the bread. Also, it was observed that as the substitution level increased, baking time increased along with the loaf volume described above. The effects of these results on acceptability were compared with literature as shown in Ref. [21] .
The successful integration of wheat flour with cassava composite flour has thrown up a technological challenge for engineers involved in bread making. It creates a challenge in terms of devising an appropriate thermal analysis of the CWCS process to help advance sustainable CWCS process, a thermal analysis of the dough is being suggested as a further research. This explains in part why the technology will not be popular anytime soon.
Conclusions
RSM was successfully applied to optimize the baking temperature, time, and mix ratio of CWCS bread. The variables employed in this study had great effect on the quality of CWCS bread. As the substitution level increased, the specific volume decreased while the baking time increased. This study showed that varying temperature-time combination during baking leads to significant changes in the physical characteristics of CWCS breads. All the responses were significantly affected by the varying factors. The baking conditions obtained from optimization were 220 ± 2 °C baking temperature and a baking time of 15 ± 2 minutes. Also, the plastic limit of the loaf responds to changes in cassava concentration, time and temperature. From optimization, bread loafs having desired loaf weights, volume, and moisture content were obtained. Thus, the study is useful in interpreting the basic baking conditions of CWCS breads. The study is significant in the field of biotechnology and to the government's local content initiative. Also, it recommends further thermal analysis as an essential component for commercialization of the CWCS baking process.
